In this study, the performances of methods of flow separation into the surface flow and base flow of the total stream flow in rivers with different hydraulic features have been examined. For this purpose, daily mean stream flow data of Büyük Melen and Aksu Rivers which are in the same watershed but with different features (average flow value, catchment area, mean elevation) have been separated as surface flow and base flow with the use of Digital Filtering Method (DFM) and United Kingdom Institute of Hydrology Method (UKIH). The recession coefficient in DFM has been used as α = 0.830; and the number of elements for the groups formed to determine the turning points of flow data in UKIH has been used as N = 5. The study has revealed that the results of surface and base flows obtained by both flow separation methods show similarity in all rivers in an acceptable level; and the surface flow values agree better (R 2 > 0,76) compared to base flow values (R 2 > 0.63). However, it has been seen that as long as the total flow values decrease, the surface flow results for both methods come closer to each other; but the results of base flow get differentiated. This situation has been clearly seen in the results of surface (R 2 > 0.89) and base (R 2 > 0.63) flows belonging to Aksu River which has lower values of flow when compared to the ones of Büyük Melen River.
Introduction
The success of plans made for the management of water resources depends on acknowledgement of the amount and quality of available water. A detailed analysis of water flow is required in environmental issues such as determination of the amount of water to be taken from and discharged into rivers, design of water discharge structures, natural treatment system effectiveness, basin hydrology and non-point pollutant sources, acidification or salinity of water resources. Therefore, in the field of hydrology studies for the correct determination of hydrograph components have been carried out for years and suitable methods have been developed.
Although studies of flow separation started with field studies and observations such as usage of hydrochemical tracers and environmental isotopes, due to the breadth of field of study, expensive methods and inapplicable on specific basins, hydrograph based methods became popular.
Some common hydrograph separation methods are manual graphical approaches (Linsley et al., 1975) , automated separation tecniques (sloto and crouse, 1996; Lim et al., 2005) , artificial intelligence tecniques (corzo and slomatine, 2007) , hydrochemical tracer-based tecniques (Ladouche et al., 2001; Mul et al., 2008) , digital filtering method (Lyne and Hollick, 1979; nathan and McMahon, 1990; eckhardt, 2005) , smoothed minima approach and its derivations (IH, 1980; piggot et al., 2005; Aksoy et al, 2008; , Koskelo et al., 2012 .
Although there are various techniques used in hydrograph separation, the most suggested methods are filtering methods which are based on filtering observed flow data and also can be used practically due to computer programmes and obtained results able to repeat.
In this study, the success of the usability of Digital Filtering Method (DFM) and United Kingdom Institute of Hydrology Method (UKIH) in the rivers that are in the same watershed but have different features (average flow value, catchment area, mean elevation); and which have been seen to have given more accurate results when compared to the other methods in the separation of daily mean flow to its components as surface and base flows has been examined.
Material and methods
In this study, DFM proposed by nathan and McMahon (1990) and UKIH proposed by pidgott et al. (2005) were used as separation methods which are the most accepted methods to separate long term continuous stream flow data into surface flow and base flow components. selected two methods were applied to the average daily stream flow data by using codes written in MATLAB version 7.9.0.529 (R2009b) programme and surface flow and base flow were determined.
Daily average stream flow data of stream flow gauging stations (sgs) 1302 and 1340 along Büyük Melen River, and 1339 along Aksu River belonging to eIe (The electrical power Resources, survey and Development Administration) of Turkey were used (Tab. 1). Büyük Melen and Aksu Rivers are located in Melen Watershed in Western Black sea Region of Turkey (Fig. 1) . Melen Watershed has been used since 2010 as the source of inter-basin water transfer to solve the water scarcity of Istanbul which is one of the most populated metropolitan of the world. It is expected that drinking water demand of greater Istanbul till year 2040 will be met by this resource (ertürk et al., 2007) . 
Digital filtering method (DFM)
DFM is an algorithm which is used in order to calculate base flow assuming that total stream flow of river is separated into surface flow and base flow (nathan and McMahon, 1990; chapman, 1999; echardt, 2005) . There are many In this study the version of DFM which was revised by chapman and Maxwell (1996) was used as shown by eq. (1). The reason for choosing this filtering equation is that it is more useful when surface flow is greater from or equal to base flow. After base flow is determined with filtering process, surface flow is calculated by using equation (2). In eqs. (1) and (2), b k is base flow, y k is total stream flow, s k is surface flow and α is recession coefficient.
The ideal range given in the literature for recession coefficient is 0.9-0.95. However it is noted in various studies that different recession coefficients also give good results (echardt, 2008) .
In this study, the recession coefficient was found as α = 0.830 in the filtering process in which total flow is separated as surface flow and base flow. steps of DFM which was used as first method are given in Fig. 2a .
United Kingdom Institute of Hydrology method (UKIH)
This method which was developed by the United Kingdom Institute of Hydrology by using data of rivers with continuous flow is basically based on the identification and interpolation of turning points. The turning points indicate the days and corresponding values of stream flow, where the observed flow is assumed to be entirely base flow (piggott et al., 2005) . In this study long-term flow data are used. Flow values were separated in non-overlapping, sequential groups in order to determine turning points. number of elements of these groups was shown with N and was determined as five. A data series was formed within group with minimums in the groups (y i , i = 1, 2, 3, 4, …) and turning points were determined by comparison with equation (3) (Institute of Hydrology, 1980; Tallaksen, 1987; Hisdal et al., 2003; Aksoy et al., 2009 ).
sequential turning points were united with a line, and base flow values were calculated with the rest of days. It was seen that calculated base flows surpass total flow or determined as negative on some days. In cases where base flow surpasses total flow, total flow was equalised to base flow, while for negative values it was taken as zero. such cases are also found in literature (Aksoy et al., 2008) .
The success of the used methods (DFM, UKIH) in separating the stream flow to its components for all observational stations has been determined by compar- ing the results of surface flow, base flow and Base Flow Index (BFI) which has been calculated with eq. (4) (Aksoy et al., 2009; nejadhashemi et al., 2009; Koskelo et al., 2012) . For the obtained results mean absolute error (MAE) and root mean square error (RMSE) were calculated, and linear regression method (R 2 ) was applied (eqs. 5-9) (Dogan et al., 2010) . 
where Q fi(A) and Q fi (B ) are DFM, UKIH flow values respectively and Q f(mean) is the mean DFM flow values. The mean absolute error (MAE) and root mean square error (RMSE) are defined as
Results and discussion
It is possible to determine the surface flow and base flow by only using the data of stream flow. According to the literature the models developed for this purpose give good results (Arnold and Allen, 1999; Larocque et al., 2010) . In addition, the most significant issue to be paid attention in the processes of separating the flow into components is to test the accuracy of the methods. The generally accepted idea for the purpose of testing the prediction ability of the used methods is to compare the results of the methods with one another (nahan and McMohan, 1990; Aksoy et al., 2009; nejadhashemi et al., 2009; Welderufael and Woyessa, 2010) . Therefore, in this study the results obtained by separation of daily mean flow of Büyük Melen and Aksu rivers that are in the same watershed, but have different magnitude and hydraulic features into surface flow and base flow have been statistically examined (Tab. 2) and results of both methods compared (Tab. BFI, which is calculated as a ratio of the volume of base flow and volume of total flow, is suggested in many studies as an important index used in compari- son of separation models (Mazvimavi et al., 2004; Aksoy et al., 2008) . In order to compare methods used in the study, BFI value for each method was calculated and statistical information about results are presented in Tabs. 3 and 4. standard deviation of BFI values is low for both methods. When mean and median values of BFI are analysed, it is seen that more than half of total flow is composed of base flow. Maximum values show that total flow is totally composed of base flow in some cases (Tab. 4). In addition, similarly to the results obtained from the comparison of flow values, BFI values obtained by DFM and UKIH methods are the closest (R 2 = 0.79) for the station 1340 in which the total flow is high. As the total flow decreases, results started to get more distant. These differences are acceptable for the results of the base flow for DFM and UKIH (R 2 > 0.71), while as the total flow decreases, the results start to differentiate.
Hydrographs consisting of total stream flow, surface flow and base flow values and the graphics of scattering are given in Figs. 3 and 4 . For the purpose of preventing the complication possible to occur as a result of the excessive data and enabling a better understanding of the results, a flow value for 100 days in hydrographs and all of the results in the graphics of scattering have been used. When the flow hydrographs are examined, it is clearly seen that in all flow observation stations, especially surface flow proceeds in accordance with the increases and decreases of the total flow. In addition, surface flow values determined by DFM gave the peaks closest to the total flow's peaks associated with the heavy precipitation periods in the hydrographs.
scatter-plots reveal that surface flow values in all stations show more similarity when compared to the base flow (Figs. 3 and 4) . In addition, acceptable differences in the base flows determined by the two different methods occurred especially in the base flow values for the station 1339 having low flow value (R 2 = 0.63). This situation results from the fact that the base flow which is separated with the method of UKIH is higher than the values of base flow determined with the DFM. similar results are also reported in the literature addressing to methods DFM and UKIH methods (eckhardt 2008; Aksoy et al., 2009 ).
Conclusions
separation of total stream flow into its components using experimental methods and field studies is quite difficult and expensive. Therefore, mathematical models are more preferred for flow separation. Additionally, it is important to know the performance of the used flow separation methods in rivers with different magnitude and features. Therefore, the performance of DFM and UKIH methods, which are among the existing flow separation methods used the most frequently in the literature, has been examined for Büyük Melen River and Aksu River which are in the same watershed. The obtained results have revealed that the surface flow and base flow determined with both methods are similar, that is, the difference are acceptable. The surface flow for both rivers has are more similar to each other compared to the base flow. Additionally, the base flow results for both methods differ significantly, especially for the Aksu river which is characterised with the low total flow. The results obtained by this study can be useful for the long-and short-term management and planning of the associated with this wathershed which is the water source of the region and which is important for inter-basin water transfer.
